MMU16. This region contains the orthologs of 18 genes present in the human 1.5 Mb region and one nonortholofor a 1.5-3.0 Mb region of 22q11. To investigate the etiology of this disorder, we used a cre-loxP strategy gous gene, Vpreb2. The mutant mice, referred to as Df1/ϩ mice, had cardiac outflow tract defects similar to to generate mice that are hemizygous for a 1.5 Mb deletion corresponding to that on 22q11. These mice those observed in VCFS/DGS patients and some hemizygous mice died soon after birth. These results sugexhibit significant perinatal lethality and have conotruncal and parathyroid defects. The conotruncal degested that critical genes for these defects are located in this region. We recently described mice with a 550 kb deletion from Idd to Arvcf on MMU16 (Puech et al.,
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in the Df1/ϩ mice ( Figure 1B ). These mice did not exhibit conotruncal abnormalities, allowing us to exclude 13 spring from Idd ϩ/Ϫ; Hira ϩ/Ϫ X ϩ/ϩ; ϩ/ϩ matings. Of these, 352 (49%) were Idd ϩ/Ϫ and 352 (49%) were genes in this region as being solely responsible, when haploinsufficient, for the outflow tract defects.
Hira ϩ/Ϫ. The remaining 11 resulted from recombination between the Idd and Hira loci and one of them carried We now report the generation and characterization of mice with a hemizygous deletion from Idd to Hira the mutant alleles in cis (cis-Idd/Hira-KO). Cis-Idd/Hira-KO mice were mated with Zp3-Cre transgenic mice (Lgdel/ϩ mice), a region containing 24 genes that contains five more genes than in the Df1/ϩ mice. We show that (Lewandoski et al., 1997) , to introduce the Cre transgene, and mice containing all three modifications were nearly 50% of these mice exhibit conotruncal anomalies and that the deletion also leads to parathyroid gland mated with C57BL/6 (B6) mice to delete the region from Idd to Hira ( Figure 2B ). From 20 such matings, we recovaplasia and significant perinatal lethality. Attempts to complement the deletion with a duplication of the Idd-Arvcf ered 105 mice, of which 66 (63%) were wild type (WT), 13 (12%) were cis-Idd/Hira-KO, and the remaining 26 region and three different BAC transgenes, that together cover the 1. We designated these deletion heterozygotes Lgdel/ϩ. truncal phenotypes observed in the Lgdel/ϩ mice. We generated mice that carry a human BAC containing these four genes. Embryos heterozygous for the transPerinatal Lethality of Lgdel/ϩ Mice In the Idd, Hira/ϩϩ, Zp3-Cre/ϩ X WT crosses described gene exhibit cardiovascular abnormalities. We also examined the expression patterns of these four genes and above, we noted that 25% of Lgdel/ϩ mice, 14% of the mosaic Lgdel/ϩ mice, and 8% of Idd, Hira/ϩϩ mice found that one of them, Tbx1, is expressed in the pharyngeal arches. Based on these data, Tbx1 can be considdied after birth compared to less than 2% of similar deaths among WT siblings. Examination of offspring ered a candidate for some of the phenotypes in VCFS/ DGS patients. To test this feature, we generated mice from Lgdel/ϩ X WT matings confirmed the perinatal lethality of Lgdel/ϩ mice. Genotyping of 256 mice from with a null mutation in the Tbx1 gene. Mice heterozygous for this mutation developed cardiovascular defects.
48 litters revealed that 184 (72%) of them were WT and 72 (28%) were Lgdel/ϩ. To assess the stage of lethality These results provide strong evidence that haploinsufficiency of TBX1 is responsible for the cardiovascular of Lgdel/ϩ mice, we examined the genotypes of embryos at 10.5, 11.5, 12.5, and 18.5 days of embryogenedefects seen in VCFS/DGS patients.
sis. Lgdel/ϩ embryos were recovered in the expected Mendelian ratio from all stages of embryogenesis examResults ined, suggesting that a significant percentage of the Lgdel/ϩ mice died at or shortly after birth. We found Targeted In Vivo Deletion of the Chromosomal Region between Idd and Hira in Mice that several newborns die during the first day of life. To generate mice with a targeted deletion of the chromosomal region from Idd to Hira (Figure 1) (Figure 2A) .
To obtain mice that have the two mutant alleles on ined embryos from 18.5 day pregnant B6 females that were mated with Lgdel/ϩ males. A total of 156 embryos the same chromosome in cis, we genotyped 715 off-from 20 litters were analyzed. 80 embryos (51%) were hemizygous for the deletion and 76 (49%) were WT. The heart appeared normal in size and shape in all mice (data not shown). To identify vascular patterning defects, corrosion casts were prepared by injecting red and blue methylmethacrylate into the left and right ventricles, respectively. After hardening, the soft tissues were dissolved leaving a mold of the vasculature (see Experimental Procedures). Representative results are shown in Figure 3 . We found that 47% of the Lgdel/ϩ embryos had abnormal patterning of the great vessels, while all of the wildtype littermates were normal ( Figure 3A) .
Twelve of the 80 Lgdel/ϩ embryos examined (15%) had defects that would be considered critical or lethal in human infants. These included 4 cases (5%) of a rightsided aortic arch with a left-sided ductus arteriosus (Figure 3B) . In these cases, the aortic arch was posterior to the esophagus and trachea (not shown) such that a vascular ring capable of causing compression of the trachea was present. The left common carotid artery arose ectopically from the proximal ascending aorta. We observed 8 cases (10%) of complete interruption of the aortic arch, which were always of the type B variety, i.e., the interruptions occurred between the left carotid artery and the left subclavian artery ( Figure 3C ). In cases of complete interruption of the aortic arch, blood supply to the descending aorta is provided by flow through the patent ductus arteriosus. At birth, when the ductus closes, concomitant with increased oxygen tension, blood supply to the descending aorta would be compromised and neonatal lethality would be expected. These severe vascular defects account for at least some of the perinatal lethality observed in Lgdel/ϩ newborn mice.
Less severe vascular anomalies were also detected in Lgdel/ϩ embryos. The right subclavian artery arose ectopically in many cases. In 5 of 80 (6%) heterozygous embryos examined, the right subclavian arose from the ascending aorta instead of arising as a branch of the innominate artery (data not shown). This is considered a normal variant in humans, but we never observed this anomaly in the wild-type murine embryos examined. In 13 cases (16%), the right subclavian artery arose from the distal portion of the aortic arch and traveled posteriorly to the right foreleg indicating a retroesophageal of WT:Tg mice, 63:37 (nϭ428) and 61:39 (nϭ193) respectively indicating significant neonatal lethality of In histological sections, the thyroid gland is located adjacent to the rostral larynx. The parathyroid glands are transgenic mice. To ascertain if this lethality is due to cardiovascular defects, we examined the cardiovascular embedded within the posterolateral regions of the thyroid gland. We examined a total of 13 newborns for system of E18.5 embryos by the corrosion cast technique. We examined 26 transgenic embryos and 37 WT defects in the thyroid and parathyroid glands. Out of 13 mice analyzed, 6 were WT and 7 were Lgdel/ϩ mice. 
BAC Transgenic Mice
To further narrow the region harboring the gene(s) reynx into the mediastinum was detected with variable severity in BAC316.23 transgenic mice (n ϭ 9; Figures sponsible for conotruncal heart defects and perinatal mortality, we generated three strains of transgenic mice 4F and 4G). Specifically, the two mediastinal lobes of the thymus were smaller in size and the superior borders containing human BACs encompassing the region from ARVCF to NLVCF ( Figure 1B) . Human BACs were chosen extended as long slender strands into the neck 7-9 mm above the clavicles (n ϭ 6; Figure 4G ). Occasionally, to unambiguously ascertain the expression pattern of the transgenes. BAC467 contained three genes, ARVCF, there were small ectopic lobules at the cranial ends of these strands, which was confirmed by FACS analysis COMT, and TRXR2. BAC316 contained four genes, WDVCF, TBX1, GP1B␤ , and PNUTL. BAC339 contained of this tissue. Fluorescence-activated cell sorting (FACS) was performed using thymocytes from the 316.23.FVB four genes, TMVCF, CDC45L, UFD1L, and NLVCF. We generated several founders from injection of each of the line. All thymocyte subpopulations, CD4 ϩ , CD8 ϩ , CD3 ϩ , instructions of the manufacturer. In one, the Idd locus was disrupted by homologous recombination resulting in the deletion of a 2 kb segment including Idd exons 4
Genotyping by PCR and 5 (Puech et al., 2000; Figure 2A ) and in the second, the Hira
The following primers were used for genotyping of the mice and locus was disrupted by deleting a 1.5 kb region including the 3Ј part embryos: of exon 8 (A. W.-B. and P. S., unpublished data; Figure 2A) . PGK1, GCTAAAGCGCATGCTCCAGAC; Neo5F, ACCGCTATCAG A PGKNeo cassette and a loxP site in the same orientation have GACATAGCGT; also been included in both targeting vectors. The vectors were transIdd-KO1, CTGTTGTTGACACAGCACATG; 6x32t3, AACTCTACCT fected separately into embryonic stem (ES) cells and ES cell clones GTTCCTACTG; bearing the mutant alleles were used to generate chimeric mice.
Idd-KO2, CACGTTGTCATTCTCAGACATG; HiraR1, GTGATGC Heterozygous offspring for both mutant alleles were generated by TAGTCTCTAGCTG; further crossing the chimeric founders with B6 females.
HiraF1, TCTTGCAACTCTGAGAGGTC; CreF, GGACATGTTCAGG GATCGCCAGGCG; CreR, GCATAACCAGTGAAACAGCATTGCTG.
Tbx1 Gene Targeting
The primers were combined as follows ( Figure 2C ): Idd-KO2/Neo5F The genomic sequence of Tbx1 (GenBank Accession number or Idd-KO1/PGK1 for identification of a homologous recombination AC003066) was used to generate an exon/intron and restriction event at the Idd locus, Idd-KO1/6x32t3 for amplification of the Idd enzyme map. A 13 kb SpeI-EcoRV fragment from BAC 213A6 (RPCI wild-type allele, HiraF1/Neo5F for identification of a homologous 21; http://www.chori.org/bacpac/) containing Tbx1 exon 1 through recombination event at the Hira locus, and HiraF1/HiraR1 for amplifipart of exon 6 was subcloned into pZErO-2 (Invitrogen). The plasmid was digested with AatII and NruI to release a 4.9 kb Tbx1 genomic cation of the Hira wild-type allele. To amplify the junction fragment fragment including exons 1 and 2 (exon 2 contained the ATG). This of the Idd and Hira target vectors after a deletion event, the primers interval was blunt-ended and replaced with a hygromycin resistance PGK1/Neo5F were used. Cre-F/Cre-R primers were used for amplificassette. To generate the targeted embryonic stem (ES) cell clones, cation of the Cre transgene. 7 ul of DNA was used as a template in 30 ug of linearized targeting vector was electroporated into 2.5 ϫ the PCR reaction. The PCR conditions were 94ЊC for 4 min, one 10 7 WW6 ES cells and selected for hygromycin resistance. Colonies cycle; 58ЊC for 45 s, 72ЊC for 45 s, and 94ЊC for 30 s (35 cycles); were picked after ten days and their DNA was screened by PCR 72ЊC for 1 min, one cycle. using the forward primer from the hygromycin cassette, 5Ј-AGGTCC CTCGAAGAGGTTCA-3Ј and reverse primer from exon 6, 5Ј-GTC Corrosion Casts CACATAGACAACATGGAA-3Ј. The reaction was performed using Embryos were isolated of 18.5 days pregnant B6 females insemithe Expand Long Template PCR System for amplification of a 3.2 nated by Lgdel/ϩ males and the heart exposed by a thoracic incision kb product (Buffer 3; Roche Pharmaceuticals). Chimeric mice were and rib removal. Batson no. 17 acrylic (Polysciences, Inc) was ingenerated by injecting C57Bl/6 blastocysts with 8-12 ES cells dejected into the right and left ventricle until the entire embryonic rived from clone 7D6 or 1C3. Both lines gave rise to male chimeric vasculature was filled. After hardening, the tissue was removed with animals that were mated with C57Bl/6 females. Germline transmisMaceration Solution (Polysciences, Inc) at 50ЊC for 72 hr. Photosion was demonstrated by genomic Southern blot analysis to detect graphs were obtained digitally and processed with Photoshop the rearranged Tbx1 locus. F1 heterozygotes were used in the software. analysis.
